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V.l. Reasoned Statements: 

The opinion as to Novelty was positive (Yes)wifh respect to claims 15,18,20-25,40-41,44,46-49 and 5 1 

The opinion as to Novelty was negative (Noj I with respect to claims 1-13, 14, 16, 17, 19,26-39,42,43,45,50,52-58 

The opinion as to Inventive Step was positive (Y es)with respect to claims NONE 

The opinion as to Inventive Step was negative(NO) with respect to claims 1-58 

The opinion as to Industrial Applicability was positive (YES) with respect to claims 1 -58 

The opinion as to Industrial Applicability was negative(NO) with respect to claims NONE 

V. 2. Citations and Explanations: 

Claims 1-13, 16, 17, 19,26-39,42,43,45,50, 52-58 lack novelty under PCT Article 33(2) as being anticipated by Niklason etal 
(Science, 1999). 

Niklason et al teach a method of producing a tissue engineered blood vessel, comprising providing 
tubular biodegradable mesh polygtycolic acid (PGA) scaffolds (tubular support comprised of porous plastic); 
seeding the PGA tubular supports with smooth muscle cells (SMCs); cultaring in culture medium for eight 
weeks to create a natural matrix circumferentially positioned around the PGA tubular support; then further 
seeding the matrix with endothelial cells (ECs); and finally culturing the vessel by perfusing culture medium 
through the lumen of the vessel so as to form a complete tissue engineered blood vessel (Pg. 490, col. 2-3 & 
Fig. 1). The final blood vessel comprises a matrix containing SMCs and ECs circumferentially positioned 
around a tubular mesh PGA support and culture medium, wherein the culture medium comprises mitogenic 
factors and attractant factors, such as platelet endothelial cell adhesion molecule (See Pg. 490, col. 3), that allow 
for the growth and survival of the cells, and wherein the mesh nature of the PGA support allows the mitogens 
and growth factors in the culture medium to perfuse through the support to the cells incorporated in the matrix. 
Niklason et al teach the SMCs and ECs can be obtained from bovine aorta (vascular tissue) (See Pg. 290, col. 2 
& 3); please note all cells are derived from stem cells (Claims 1-13, 16, 17, 19, 26-39, 42, 43, 45, 53-55 and 57). 
In another embodiment Niklason et al create the tissue engineered blood vessels for transplantation into a test 
animal: Yucatan miniature swine (Claims 50 & 52); the tissue engineered blood vessels are produced as 
described above, using autologous SMCs and ECs obtained from the carotid artery (vascular tissue) of Yucatan 
rruhiature swine, in place of bovine aortic tissue-derived cells. 

Claims 1-9, 13, 14, 16, 17, 19, 26-34, 42, 43, 45, 50, 52-55 and 57 lack novelty under PCT Article 33(2) as being anticipated by Ratcliffe 
et al (Matrix Biology, 2000). 

Ratcliffe et al teach a method of producing a tissue engineered blood vessel, comprising providing a porous, tubular, non- 
biodegradable, polyurethane support scaffold (which applicant calls a tubular support comprised of poroiis plastic); seeding the 
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polyurethane scaffold with smooth muscle cells (SMCs); culturing in vita) so that the SMCs form a natural extracellular matrix 
comprising collagen, elastin and proteoglycan; then seeding endothelial cells (ECs) onto the luminal surface of the extracellular matrix 
created by the SMCs; culturing under fluid flow (through lumen) so as to form a complete tissue engineered blood vessel (See Pg. 356, 
col 1 ) The final blood vessel comprises a matrix containing the SMCs and ECs as well as the naturally secreted proteins (collagen, 
elastin, and proteoglycans) circumferentially positioned around a tubular porous polyuremane support and culture medium wherein fibe 
culture medium presumably comprises mitogenic factors and attractant factors to allow growth and adhesion of the cells within the graft 
(Claims 1-9, 13, 14, 16, 19, 26-34, 42, 43, 45, 53-55 and 57). Please note all cells are considered to be 'derived I from stem cells. 
Ratcliffe et al transplant the tissue engineered blood vessel into the carotid arteries of dogs (which applicant calls a subject in need 
thereof), and report the grafts remained patent for 4 weeks (Claims SO and 52). 

Claims 22-25, 48 and 49 lack an inventive step under PCT Article 33(3) as being obvious over Niklason et al (Science, 1999) and/or 
Ratcliffe et al (Matrix Biology, 2000), each in view of Weinberg et al (Science, 1986) and/or L'Heureux et al (Journal of Vascular 

Surgery, g both Niklason et al and Ratcliffe e t al teach a tissue engineered blood vessel that is produced in vitro by 

seeding smooth muscle cells (SMCs) on a polymer support tube/scaffold; culturing the SMCs so as to allow formation of an extracellular 
matrixlfollowed by seeding endothelial cells (ECs) onto the extracellular matrix; and culturing by perfusing culture medium through th B 
lumen of the artificial vessel to provide the appropriate mitogens and adhesion factors to allow growth and maintenance of the cells (See 
Niklason et al, Pg. 490, col. 2-3 & Ratcliffe et al Pg. 356, col. 1). While neither Niklason et at nor Ratcliffe et al teach applying an 
external layer of fibroblasts to the outside of the tissue engineered blood vessel, both Weinberg et al and L'Heureux et al teach 
application of a fibroblast layer on the exterior of artificial blood vessels. Weinberg et al use human skin fibroblasts to form an 
adventitia layer on their tissue engineered blood vessel, in order to better recreate natural blood vessel structure found m vivo (See 
Weinberg et d, Pg. 501, col. 1). Similarly, L'Heureux et al use human skin fibroblasts and formed a confluent sheet of fibroblasts that 
was wrapped around a mandrel, over a similar sheet of smooth muscle cells (See L'Heureux et al, Pg. 48, col. 2); L'Heureux et al report 
the fibroblast layer adhered to the smooth muscle layer to form a cohesive vessel. All fibroblasts are initial derived from stem cells. 
Therefore it would have been obvious at the time of the invention to follow the teachings of Weinberg et al and L'Heureux et a] to 
provide a layer of fibroblasts to the tissue engineered blood vessels of Niklason et al and/or Ratcliffe et al in order to better replicate the 
natural structure of a blood vessel in vivo; such a layer of fibroblasts on the exterior of the tissue engineered blood vessel is considered 
an outer casing surround the matrix (Claims 22-25, 48 and 49). 

Claims 14, 15, 1 S, 21, 40, 41, 44, 47, 56 and 58 lack an inventive step under PCT Article 33(3) as being obvious over Niklason et al 
(Science, 1999) and/or Ratcliffe et al (Matrix Biology, 2000), each in view of Tranquillo (Am N.Y. Acad. Sci, 2002) and Edelman et al 

(US Patent 5,766,584). , . .... 

While both Niklason et al and Ratcliffe et al teach a small diameter tissue engineered blood vessel and methods of forming the 
same they each utilize a synthetic polymer as the support structure material, specifically Niklason et al use polyglycolic acid (See 
Niklason et al, Pg. 490, col. 2-3) and Ratcliffe et al teach use of polyurethane (See Ratcliffe et al, Pg. 356, col. 1). Tranquillo review 
tissue-engineered small-diameter artery grafts and teach that synthetic polymer scaffolds can be replaced with tubes formed of a 
biopolymer, such as Type I collagen, or more preferably fibrin gel, to produce a superior graft. Tranquillo teaches the biopolymer 
scaffolds are more preferable over synthetic polymer scaffolds because they can be subjected to mechanical constraint that results in 
circumferential alignment of fibrils and cells characteristic of the arterial media (See Tranquillo, Pg. 25 1 & 253). Tranquillo also teaches 
that when fibrin gel is used as the biopolymer, in place of collagen gel, smooth muscle cells exhibit enhanced collage synthesis in the 
presence of TGF-/3 (See Tranquillo, Pg. 253). Similarly, Edelman et al teach biodegradable materials are preferable, particularly 
biocompatible hydrogels that do not require subsequent removal before or after implantation; Edelman et al also teaches various natural 
polysaccharides can be used, though they don't specifically state agarose, this would be an obvious type of polysaccharide (See Edelman 
et al, col. 4, In 56-67) (Claims 18 & 44). Edelman et al further teach various attachment factors can be added to the matrix to aid in cell 
adhesion and attachment, such factors include collagen, lamirrin, fibrin, fibronectin, basement membrane components (See Edelman et al, 
col 5 In 15-21) (Claims 21 & 47). Therefore, based on the teachings of Tranquillo and Edelman et al, it would have been obvious at the 
time the invention was made to modify the methods of Niklason et al and/or Ratcliffe et al to utilize biopolymer tubes, particular tubes of 
fibrin gel, as the scaffold support structure in place of the synthetic polymer scaffolds, so as to produce a tissue engineered blood vessel 
that is completely biocompatible (Claims 14, 15, 40, 41, 56 and 58). 

Claims 20 and 46 lack an inventive step under PCT Article 33(3) as being obvious over Niklason et al (Science, 1999) and/or Ratcliffe et 
al (Matrix Biology, 2000), each in view ofTuetal (US Patent 6,506,398). 

As described above, both Niklason et al and Ratcliffe et al teach a tissue engineered blood vessel that is produced in vitro by 
seeding smooth muscle ceils (SMCs) on a polymer support tube/scaffold; culturing the SMCs so as to allow formation of an extracellular 
matrix; followed by seeding endothelial cells (ECs) onto the extracellular matrix; and culturing by perfusing culture medium through the 
lumen of the artificial vessel to provide the appropriate mitogens and adhesion factors to allow growth and maintenance of the cells (See 
Niklason et al, Pg. 490, col. 2-3 & Ratcliffe et al Pg. 356, col. 1). While Niklason et al mention including platelet endothelial adhesion 
Tnolpnute in thn mltiim medium, both Ni kton Bt a1 ""^ Batoliff,e et a1 arft s1 " TRI1t °" other sneniflo ftctmn included in ffif culture med i um, I 
Form PCT/1SA/237 (Supplemental Box) (April 2005) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 
PCT/US04/2I414 



Supplemental Box 

In case the space in any of the preceding boxes is not sufficient, ^ 

At the time of the invention it was generally known that culture media inherently contains necessary mitogens and adhesion factors to 
allow growth and survival of cells; however, Tu et al teach that vascular endothelial growth factors (VEGF) and platelet derived growth 
factors (PDGF) are particularly relevant in the culture of artificial blood vessels (See Tu et al, abstract). Tu et al teach that VEGF and 
PDGF act as site-specific angiogenesis factors that promote growth and survival of vascular endothelial cells (VEGF) and fibroblasts and 
smooth muscle cells (PDGF) (See Tu et al, col. 3, In 47-58 & col. 4, In 26-49); tiierefore, at the time the invention was made it would 
have been obvious to include both VEGF and PDGF in the culture medium used in the methods of NiWason et al and/or Ratcliffe et al. 

Claims I -58 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can 
be made or used in industry. 
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